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Bowabie polyester molding compositions 
Description 

5 The Invention relates to thermopiastfe molding compositions comprising 

A) from 10 to 99.98% by weight of at feast one thermoplastic polyester, 
8) from 0.01 Id 50% by weight of a highly branched or hyper branched polycarbonate 
having an OH number of from 1 to 600 mg KGH/g of polycarbonate (to DIM 
10 53240, Part 2} r 

C| from 0 to 80% by weight of other additives* 

where the total of the percentages by weight of components A) to C) is 1 00%. 

15 The invention further relates to the use of the inventive molding compositions for 
producing fibers, films, or moSdings of any type, and also to the moldings thus 
obtainable, 

Polycarbonates are usually obtained from the reaction of alcohols with phosgene, or 
from the. transesterification of alcohols 1 or phenols with diaikyl or diary! carbonates. 
Industrial Importance is attached to aromatic polycarbonates, which are prepared from 
bisphenols, for example, white the part played by aliphatic poiycarbonates. has hitherto 
been subordinate in terms of market volume. In this connection, see also 
Becker/8mun f KunsistofWandbuoh [Plastics Hand hookj, vol. 3/1 ., Polycarbonate, 
Polyacetale,. Polyester, Csilyloseaster [PoSy carbonates, Po;yacetals t Polyesters, 
Gesiulose Esters], Carl-Hanser-Verlag, Munich 19921 pp. 118-119. 

The structure of the aliphatic polycarbonates described, is generally linear or else has a 
very small degree of branching. For example, US 3 t 305 : 605 describes the use of solid 
30 linear polycarbonates with a molecular weight above 15 000 daiton as plasticize.rs for 
polyvinyl polymers. 

To improve ffowability, Jow-molecular-weighi additives are usually added to 
thermoplastics. However, the action of these additives is subject to severe restriction, 
3S because, for example, the fall-off m mechanical properties becomes unacceptable 
when the amount added of the additive increases, 

Dendhtlo polymers with a perfectly symmetrical structure, referred to as dendhmars, 
can be prepared starting from a central molecule by controlled stepwise linking, two or 
40 more at a time, of difunciional or higher polyfunction^ monomers to each monomer 
already bonded. With each linking step there m exponential growlhln the number of 
monomer and groups (and hence of linkages), and polymers are obtained which have 
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treelike structures, Ideally spherical whose branches each comprise exactly the same 
number of monomer un&s. On the basis of this perfect structure the polymer properties 
are advantageous; for example, a surprisingly Sow viscosity is observed, and also a 
high reactivity, owing to the high number of functional groups on the surface of the 
5 sphere., The preparation, however, is complicated by the fact that at each linking step it 
>s necessary to introduce protective groups and rani ova them again, and purifying 
operations are necessary, which is why dandrimers are normally prepared only on a 
laboratory scale. 

10 With Industrial processes it Is possible, however, to prepare highly branched or 

hyperbranched polymers. These polymers, in addition to perfect dendritic structures, 
also feature linear polymer chains and unequal polymer branohes, asthough this does 
not sub$iantlaffy impair the polymer properties as compared with those of the perfect 
dendnrriem. Hyperbranched polymers can be prepared by two syntheses routes, feow 

I S as AB? and A* * 8 y , Here, A* and B y are different monomers and the Indices x and y 
are the number of functional groups present in A and B respectively. In other words the 
functionality of A and B- In the case of the AB 2 route a thfu notional monomer having 
one reactive group A and two reactive groups B Is converted into a highly branched or 
hyperbranched poiymer, in the case of the A x * B y Synthesis, depicted using the 

20 example of the A 3 * &$ synthesis, a difunctionaf monomer A 2 is reacted with a 

trifunctionat monomer The Initial product is a 1:1 adduct of A and 8 having on 
average one funotionalgroup A and two functional groups B, and this adduct can then 
likewise react to give a highly branched or hypsrbranohed polymer. 

25 Highly functional polycarbonates of defined structure have been disclosed only 
recently, 

S.P. Rannard and HJ, Davis, J> Am, Cham. Sac. 2000, 122, 11729, describe the 
preparation of dendnmeric polycarbonates with perfect branching, via reaction of 
30 carbonylfeisimidazole as phosgene analog with blshydroxyethyiamlno-2-propan 
Syntheses giving perfect dend rimers are multistage syntheses and therefore 
expensive, and not very suitable for conversion to Industrial scale, 

D,H, Bolton and H L Wooley, Macro molecules 1897, 30, 1890, describe the 
35 preparation of hkj b~m alecutar-weighf , very hgld hyperbranched aromatic 
polycarbonates via reaotion of 1, 1 ;l4ris(4 -hydroxy phenyl)ethane with 
carbonylbisimMazoie, 

Hyperbfanched polycarbonates can also be prepared according to WO 98/50453, in 
40 the process described in that specification, triols are again reacted with 

oarbonylbisimidazole. Jnftiaiiy Imidazolides are produced, and these then undergo a 
further Inters the polycarbonates. In the method mentioned, 
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the polycarbonates are produced in the form of coiotless or pale yellow rubbed! ike 
products 

The syntheses mentioned giving highly 'br^n'dh^-or'h^^^bf^^di^id polycarbonates 
B have the lol towing disadvantages : 

a) the hyperbranched products are either Nglvmelting or eise rubber-like, ancl- this 

markedly restricts subsequent proeessibifity. 
£>) imidazole liberated during the reaction has to be removed from the reaction 
10 mixture by a complicated process. 

c) the reaction products always contain terminal imidazole groups. These groups 
are ia bite and have to be. converted by way of a subsequent step into hydroxy 
groups, for example. 

d) cafbonyldiimidazole is a comparatively expensive chemical which greatly 
15 Increases raw mate rial costs. 

The present Invention was therefore based on the object, of providing thermoplastic 
polyester molding compositions which have good flowabiMy together with good 
mechanical properties. 

2G 

Surprisingly/the highly branched or hyperbranched polycarbonates obtainable by 
means, ofa low-cost simple industrial process are suitable as significant fiow Improvers 
In thermoplastics. Furthermore, their structures can easily be adapted to the 
requirements: of the application within thermoplastics, and their defined structure can 
25 give them a combination of ad vantageous properties, such as high functionality, high 
reactivity, low viscosity, and good soiubliity. 

Accordingly, the molding compositions defined at the outset have been found. 
Preferred embodiments are given in the subclaims. 

30 

The Inventive molding compositions comprise, as component (A) : fmm 10 to 90.99%. 
by weight preferably from 30 to 9S.S% by weight and In particular from 30 to 89,3% by 
weight, of at least one therm aplastic polyester, 

35 Use is generally made of polyesters A) based on aromatic dicarboKylio acids and on an 
aliphatic or aromatic dlhydroxy compound, 

A first proup of preferred .polyesters:. Is that, of polyalkytene ferephtha!ates : In particular 
those having from 2 to 10 carbon atoms in the alcohol moiety. 

40 

PolyaikySene Serephthafates of this type are known per se and are described in the 
literature. Their main chain -contains an aromatfc ring which derives from the aromatic 
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dlcarboxyllc add. There may also p® substitution in the aromatic nng, e g: by halogen, 
such as chlonna or bromine, or by C ^C^aikyt such as methyl, ethyl, i$o- or n-propyl, 
or n- f JSC- or tert^bt%i 

5 Them poly askylene terephthalates may b$ pmpaned by reacting aromatic dicarboxyBc 
acsds, or their esters or other ester-forming derivatives- with aliphatic dihydroxy 
compounds In a manner known per se 

Preferred dicarboxylte acfeis are 2 i 6-naphthalenedlcarb0xyfc add, iemphthalte acid 
1 0 and ssophthallc add, and mixtures, of these > Up to- 30 moll, preferably not more than 
10 mol%> of the aromatic dicarbdxylic adds may be replaced by aliphatic or 
cycl caliph atlc dicarteoxyfiC acids, such as adipic acid, azelalc acid r sebacic acid, 
dodecariedfeb acids and cycle hexanedicarboxy tic acids. 

15 Preferred a Ijphatic di hydroxy compounds are diofs having from 2 to 8 carbon atoms { in 
partlcylar 1 ? ^ethanedlol 5 1 ? 3-pfopanediol r 1 ,4-butatiedipl, 1,6-hexanedlol ? 1 : 4- 
hex:anedlo!,; : i : ,4-cyotehe^ neopentyl glycol, 

and mixtures of these. 

20 Particularly preferred: polyesters (A) are polyal kyien e teraphthaiates derived from 
aik^nadiols having: from: 2 to 8 carbon atoms. Among these, particular preference m 
given, to polyethylene terephthaiate, polypropylene terephtbalate and polybutyfene 
terephf hamate, and mixtures of these. Preference Is also given to PET and/or PBT 
which comprise,, as other monomer units, up to 1 % by weight, preferably up to 0,75% 

25 by weight, of 1 ,6-hexanadiol ahd/or 2~rnethyM v 5 -pentanediol 

The viscosity number of the polyesters (A) is generally in the range from 60 to 220, 
preferably from 80 to 180 (measured in 0 5% strength by weight solution In a phenol/en- 
dkh^ weight ratio of 1:1 at 25°C) In accordance with ISO 1828. 

30 

Particular preference is given to polyesters whose carboxyf end group content is up to 
1 00 mval/kg of polyester, preferably up to 50 mvaf/kg of polyester and In particular up to 
40 mval/kg of polyester, Polyesters of this type- may : be. prepared, for by the 

process of DE-A 44 01 055, The carboxyi end group content is usually determined by 
35 titration methods {ag, potentionietry). 

Particularly preferred molding compositions comprise, as component A} , a mixture of 
pesyesf em other than PBT, for example potyef hy lene terephthalaie (P ET). The 
proportion of the polyethylene terephthaiata, for example, in the mixture is preferably 
40 up to 50% by weight, In particular from 10 to 35% by weight, based on 100% by weight 
of A). 
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It Is also advantageous to use racyoied PET materials (afso termed scrap PET) If 
appropriate, mixed with poiyalkyfene ierephthalates, such as PBT, 

Recycled materials are generally: 

5 

1 } those known as post-indu$triai recycled materials; these are production wastes: 
during poiycondensatlon or during processing r e g, sprues from injection molding, 
start-up rnatenai from mJectbH molding or extrusion, oredge trims from extruded 
sheets or films. 

10 

2) post-eons umer recycled materia is : these a re plastic it ems which are collected 
and treated after utlilzation by the end consumer Stow^riofded PET potties for 
mineral water, soft drinks and juices are easily the predominant Items in terms of 
quantity, 

15 

Both types of recycled materia! may be used either as ground material or in the form of 
pellets. In the latter case, the crude recycled materials are separated and purified and 
then melted and peptized using an extruder. This usua^y facHlates handing and free 
f few, and metering for further steps In processing, 

20 

The recycled materials used may either he penalized or in the form of regnnd; The 
edge length should not be mere than 10 mm : preferably less than 8 mm. 

Because polyesters undergo hydrolytic cleavage during processing (clue to traces of 
25 moisture) it is advisable to predry the recycled material. The residual moisture content 
after drying M preferably <0.2% 5 in particular <0.05%. 

Another group to be mentioned is that of fully aromatic polyesters deriving from 
aromatic dicarboxylie acids and aromatic dihydroxy compounds, 

30 

Suitable aromatic dicarboxyllc acids are the compounds previously mentioned for the 
poiyalkylene terephfhaiates. The mixtures pf eferably used are made from 5 to 100 
mo!% of isophthalie acid and from 0 to 95 md% of terephthaSic acid, in particular from 
about 50 to about 80% of terephfhaiic acid and from 20 to about 50% of isophthalic 
35 acid. 

The aromatic dihydroxy compounds preferably have the formula 


HO 



OH 
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Where 2 is ajkyiene or cyclQalkyiene having up to 8 carbon atoms, arylene having up to 
12 carbon atoms, carbonyL suifonyl, oxygen or sulfur; or a chemical bond, and m is 
from D to 2, The phenytene groups of the com pounds may also have substitution by 
Ci-C§-alky1 or aikoxy and fluorine, chlorine or bromine. 

5 

Examples of parent compounds for these compounds are 

dlhydroxyDiphanyl, 

dj(hydroxypienyl)alkane, 
1 0 diChydroxyphanyf)cyo1oa!kane r 

dl(hydroxypheny 0 sulfide, 

dKhydroxyphenyO ether, 

di ( hyd roxypha ny i) ketone f 

dl( hy droxyphenyl) sulf oxide > 
1 5 a : a ~d{( hydroxypheny l)diaSky! benzene t 

dKbydroxyphenyi) mimm, dl(hydr0xybenzoyf)benzene : 

resoranol and 

hydroquinone, and also the png^lkylat^d and nng-halogenated; derivatives of these, 

20 Among these; preference is given to 

4;4wiihydroxyblphenyf, 
2,4^(4~4i^ 

25 2, 2-di(3 -methyM— hy droxyphenyOproparie, and 

2 ■; 2 - d i{3 - chloro-4 ! ~~hyd foxy phenyl) propane; 

and in particular to 
30 a^^^^-hydr^xyphenyllpropane 

1 ,1— dj(4 "-hydroKyphenyl)cyclohexane ? 

3 ? 4 ihyd roxy be nzophendna s 
4,4'^d \ hy d roxydiphen yi suit- one and 

35 2;2^iC3\5^im^ 

and mixtures of these. 

it is, of course, also possible to use mixtures of polyafkylene ferephth abates and fully 
40 aromatic polyesters. These generally comprise from 20 to 98% by weight of the 

pDlyaikylene terephthaiate and from 2 to 80%. by weight of the fully aromatic polyester. 


? 

St is, of course, also possible to use polyester block copolymers, such as 
copoiyetheresiers. Products of this type are .kn own per se and are descdbecl m the 
literature, e g, in US-A 3 661 014, Corresponding products ara also available 
commercially, e.g. HytreP ^DuPont), 

5 

According to the invention, polyesters include ,baSogen-fre^.. polycarbonate^ Examples 
of suitable halogen-free polycarbonates are "'those, biased on diphenols of the formula 



where Q is a single bond, G 1: -e : ^alkylane,, Ca^^afkylidene, . Cs-C^ycloalkylMe.ne t 
C^Gts-prVSene, or ~<K ~S~ or -SG^ and m is a whole number from 0 to 2; 

The phenytene radicals of the diphenbls '-may also have gubsttoents, such as C r Cr 
1 5 afkyl or C*~Cs-Mkoxy. 

Examples of preferred diphenola of the formula are hydro^.u|none !: re^orcinot. 4 : 4~ 
dmydroxybiphenyL 2 ;; 2™&is(4-hydro^ 

methylbuiane and 1 , 1-bis|4~hyd^^ Particular preference 

20 given to a^^bteC^hydroxyphenylJpropane and 1 J ~bis{4~hyd 
and also to 1 /1~b!$(4~hy^ 

Either homopolycarbonatas or copolycarbonates are suitable as component A, and 
preference Is given to the oopofyc&f bonates of brsphenolA, as well as to bis phenol A 
25 homopoiymen 

Suitable pclyoarbonaies may be branshed in a known manner, specifically by 
Incorporating 0 05 to 2.0 mol% y based on the total of the hyphenate used, of at least 
infuhetiona* compduncls, for example those having thrBe or more phenolic OH groups, 

30 

Polycarbonates which have proven particularly suitable have relative viscosities of 
from 1,10 to 1. SO, m particular from 1,25 to 1.40. This corresponds to an average molar 
mass M*, {weight-average) of from 10 000 to 200 000 &mpl> preferably from 20 ,080. to 
SO 008 g/moL 

35 

The dlphenols of the formula are known per se or can be prepared by known 
processes. 
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The polycarbonates may* for example, foe prepared by reacting the dlphenofs with 
phosgene in the interfacial process, or with phosgene in the homogenaGys-phase 
process {known as the pyridine process), and in each case the desired molecular 
weight may be achieved in a known manner by using an appropriate amount of known 
5 chain terminators, (in relation to poiydlorg an QSiiaxane-containing polycarbonates see, 
for example, DE~~A 33 34 782). 

Examples of suitable chain terminators are phenol : p4erl~butylpheno! f or else long- 
.chain alkylphenois, such as 4~(i ,3^e!raoi#h^ m DE-A 28 42 005, or 

10 monoafkylphenotev or dialkylphenote with a total of from 8 to 20 carbon atoms in the 
alky! subsiituents as m DE-A-35 08 472, such as p-nonyiphenyL 
buiyiphenot p~tert~o<%tph 2~(3 r 5>~dimeth^ 
4^3 : 5^imethylheptyi)phenoi 

15 For the purposes of the present invention, halogen-free polycarbonates are 
polycarbonates made from halogen-free blphenols, from : halogen-free chain 
terminators and, If used, halogen-free branching agents, where the content of 
subordinate amounts at the ppm level of hydrolyzable chldnne. resulting, for example, 
from the preparation of the polycarbonates with phosgene in the interfaaaf process, is 

20 not regarded as meriting the term haiogen-cantainrng for the purposes of the invention. 
Polycarbonates of this type with contents ofhydroiyaab^ ppro level are 

halogen-free polycarbonates for the purposes of the present invention. 

Other suitable components A) which may be mentioned are amorphous polyester 
25 carbonates, where during the preparation process phosgene has been replaced by 

aromatic djoarboxyllo acid units, such as Isophthailc acid and/or terephtbalic acid units- 
Reference may be made at this point to EP-A 711 810 for further details, 

EP~A 385 916 describes other suitable copoiycarbonates having oycloaiky; radicals as 
30 monomer units. 

It is also possible for bisphe.no! A to be replaced by hisphenol TMG. Polycarbonates of 
this type are obtainable from Bayer with the trademark APEC HT#, 

35 The inventive molding compositions comprise, as component B)> from 0.01 to 50% by 
weight preferably from 0,5 to 20% by weight, and In particuiar iTom 0 7 to 10% by 
weight of a highly branched or hyperbranched polycarbonate having an OH number of 
from 1 to 800, preferably from 10 to 550 5 and In particular from 50 to SSO, mg KOH/g of 
polycarbonate (to DIN 53240, Pah 2). 

40 

For the purposes of this Invention, hyperbranched poly carbonates Bf) are nom- 
crossfinked maeromolecules having hydroxy groups and carbonate groups, these 
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having both structural and molecular non-aniforrtiity, Their structure may firstly be 
based on a centra! molecule in the same way as dendnmers, but wrth non-uniform 
chain length of the branches. Secondly, they may also have m. linear structure; with 
functional pendant groups, or else they combine the two extremes, having linear and 
5 branched molecular portions. See also PJ. Fiory, J, Am. Chem. Soe 1952, 74, 271 8", 
and R Fray et aL Cham. Eur. J. 2000, % Ho, 14, 2498 for the definition of dendrlnianc 
and hy perbranehad poly mers. 

"Hyperforanched" In the context of the present invention means that the degree of 
10 branching (DB) f is, the average number . of dendritic linkages plus the average number 
of end groups per molecule, is from 10 to 99.9%, preferably from 20 to 88%, 
particularly preferably from 20 to 95%, 

'-Qendhrner in the context of the present invention means that the degree of branching 
15 is from ©9.9 to 100% See H< Prey et a t, Acta Polym, 1997, 48, 30 for the definition of 
"degree of branching", defined as 

T+Z 

DB^-— x 100%, 
20 T+Z+L 

(where T is the average number of terminal monomer units, 2 Is the average number of 
branched monomer units,, ahd L is the average number df Smear monomer unfe in the 
macromoiecutes of the respective, compounds) . 

25 

Component SI) preferably has a number-average molar mass h% of from 1 00 to 
1.5 000 gfmoi preferably from 200 to 1.2 .000 g/mol, and in particular from 500 to 
10 000 g/mol (GPO, PhiMA standard). 

30 The glass transition temperature Tg is in particular from -SO to * 140*0, preferably from 
-60 to 120*C (according to DSC, DIN 53765), 

In particular T the viscosity (mPas) at 2TQ (to DIN 53019) Is from 50 to 200 008, in 
particular from 100 to 150 000, and very particularly preferably from 200 to 100 00G V 

35 

Component 81) is preferably obtain able via a process which encompasses at least the 
following steps: 

a) reacting at feast: one organic carbonate (A) of the general formula Ra|(CO)l ; ,OR 
40 with, at feast one aiiphatia aSiphatic/aromatic or aromatic alcohol (S) which has 

at least 3 OH groups, with eiiminaf ion of alcohols ROH to give one or more 
condensates (K) s where each B 5 . Independently of the others,, is a straight-chain 
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or branched aliphatic, aromatic/aSiphatic or aromatic hydrocarbon radical, having 
from 1 to 20 carbon atoms, and where the radicals R may also be connected to 
one another to form a ring, and n is an integer between 1 and 5 : or 

5 ab) reacting phosgene, dipbosgene or triphosgene with abovementioned aicohol 
(B) :j with elimmat^on of hydrogen chloride, 

and 

1 0 b) mtermolecular reaction of the condensates (K) to give a highly functsonai, highly 
branched, or highly functional, hyperbranehed polycarbonate, 

whe re the quantitative; proportion of the OH groups to the carbonates In the reaction 
mixture Is selected in such a way that the condensates (K) have an average of either 
15 one carbonate group and more than one OH group or one OH group and more than 
one carbonate group. 

The starting material: used can be phosgene, diphosgene or triphosgene, preference 
being given to organic carbonates. 

20 

Each of the radicals R of the organic carbonates (A) used as starting material and 
having the general ' formula RO(CG)nQR Is, independently of the others, a straight- 
chmn or branched aliphatic.. aromatie/a^phafiG or aromatic hydrocarbon radical having 
from 1 to 20 carbon atoms. The two radicals R may also have bonding to one another 
25 to form a ring. The radical m preferably an aliphatic hydrocarbon radical, and 

particularly preferably a straight-chain or branched alky! radical Having from 1 to 
5 carbon atoms , or is a substituted or unsubstituied phenyl radical 

Use is made in particular of simple carbonates of the formula RO(CO) n OR; n Is 
30 preferably 1 to 3, in particular 1 ... 

By way of example, dialkyi or diary! carbonates may be prepared fro m the reaction of 
aliphatic, araiiphatie, or aromatic alcohols, preferably monoalcohoss, with phosgene. 
They may also be prepared by way of oxidative carbonytation of the alcohols or 
35 phenols by means of GO in the presence of noble metals , oxygen : or MO* In relation to 
preparation methods for diary! or dialkyl carbonates, see also "Uilmann's Encyclopedia 
of industrial Chemistry", Sth edition, 2000 Electronic Release, Verlag WiteyA/CK 

Examples of su&able carbonates encompass aliphatic, aromatic/aliphatic or aromatic 
40 carbonates, such as. ethylene carbonate, propylene 1,2- or i v 3-carbonate : dipheny! 
carbonate, dltolyi carbonate, dmylyl carbonate, dlnaphthyl carbonate, ethyl phenyl 
carbonate* dibenzyi carbonate, dimethyl carbonate; diethyl carbonate, dipropyl 
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carbonate, difoutyl carbonate, diisobutyl carbonate, dlpentyi carbonate, dlhexy! 
carbonate, dlcyclohexy! carbonate, dihepty! carbonate, dioctyl carbonate, didecyS 
carbonate, or d^dodecyl carbonate. 

5 E xam pies of ca rbonates i n which n is greater than 1 comprise dlaikyl dic&rbonates, 
such as di(t-buty!} decarbonate, or dlalky! tricarbonates such as di(t-butyl tncarbonate). 

it is preferable to use aliphatic carbonates, in particular those in which the radicals 
encompass from 1 to 5 carbon atoms, e g. dimethyl carbonate, diethyl carbonate, 
10 dspropyi carbonate, dibutyl carbonate, or diiaobutyi carbonate. 

The organic carbonates are reacted with at feast one aliphatic alcohol (8) which has at 
bast 3 OH groups, or with mixtures, of two or more different alcohols. 

1 5 Examples of compounds having at least three OH groups encompass glycerol, 
trimethylolmethane, trimethylofethane, inmethyfolpropane, 1 ,2,4-butanetriot 
lns(hydroxymethy!)amine t tns{hydroxyethyi)amine t trislhydroxypropy^amine, 
penlaaryihntoL dlglyoeroL MglyberoL. polyglycerol bls{thmethylolpropane) tns(hydroxy- 
m&ihyfjkoeysnurate 5 trlsChydroxyethyiJisGcyahurate, phlorogfudnol trihydroxytoSuene, 

20 tri hydroxy dim ethyl benzene, phlorog! u aides > hexahydroxy benzene , 1 : 3, 5-benzene- 
tn methanol , 1,1,1 4hs(4 ~hyd toxy phenyl } methane 1 , 1 y 1 4hM4~hydroxypheny i}ei!i a ne , 
bis(tnm.ethy1olpropane) or sugars, e.g. glucose, trifunctionaS or iNgher-funotbna^ty 
polyetherols based on trifynotionaS or higher-functionality aieohols and ethyiene oxide, 
propylene oxide, or buiySene oxide, or posy&sterols. Particular preference t$ given here 

25 to glycerol, tomethyioiethane, trimethyfoipropane, 1 ,2,4-butanetrioL pentaerythntoi, and 
also their polyeiberols based on ethylene oxide or propylene oxide. 

These poiyhydnc alcohols may also be used in a mixture with dihydric alcohols (B-), 
with the proviso that the average- total QH functionalrly of all of the alcohoSs used is 

30 greater than 2 Examples of suitable compounds having two OH groups encompass 
ethylene giycol dlethyfene glycol, triethylene glycol 1 ,2- and i ^-propanediol, 
dipropyiene glycol, thpropyiene giyco!, neopentyi glycol. 1,2-, 1,3-, and 1 .4-butanedioi 
1,2-1,3-, and 15-pentanedloi hexanediol cyciopenianedioS, cyciohexanediol, 
cyciohexanedimethanoi, bisC4-hydroxycycfohexy!)met 

35 ethane > ;2, 243 is{4-h yd roxy cy cS ohexy f ) propane , 1 1 J -b is(4~hy droxy ph eny I )- 
3 5 3 ; 5-trimethylcyclohexane, resofcinoL hydroquinone, 4 1 4 r -dihydroxyphenyi, 
b!$C4-bmCbydroxyphenyi) sulfide, bis{4-hydroxyphenyf} suifone : bfs{hydroxyniethyi)~ 
hemzBm , bis(hyd roxymethy fjtoiuene, bis{p-hydroxyphenyi Jmethane 5 his(p~hyd roxy- 
phanyl)ethane ? 2 J 2-bis{p-hydroxyphenyi)propane : iyi-b[s(p-hydroxyphenyB- 

40 cyciohexane, dihydroxybenzophenone, cpfunotionaf poiyether pofyois based on 

ethylene oxide, propylene oxide, butyfene oxide or mixtures thereof, polytetrahydro- 
fy ran, polycaprolaotone or pofyestemis based on dials and dicarboxylic acids. 
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The diote serve to fine-tune the properties of the polycarbonate, if ^functional alcohols 
are used, the ratio of ^functional alcohols. 8 s ) to the at feast trifunctional alcohols (8) is 
set by the smiled worker m accordance with the desired properties of the pah?- 
5 carbonate; As a general rule, the amount of the alcohol or alcohols (8 s ) is 0 to 

SO moI%, relative to the total amount of all alcohols (B) arid (3*) together. Preferably; 
the amount is Q to 45 mo!% r more preferably 0 to 35 mcf$&, and very preferably 0 to 
30 mo\%, 

10 The reaction of phosgene, dlphosgene or triphosgene with the alcohol or alcohol: 

mixture takes p^ace in general with elimination of hydrogen chlohcfe; the reaction of. the 
carbonates wsth the alcohol or alcohol mixture to give the inventive highly functional, 
highly branched polycarbonate takes place with elimination of the monohydric alcohol 
or phenol from the carbonate molecule. 

15 

The highly fonctlonal highly branched polycarbonates formed by the Inventive process 
have termination by hydroxy groups and/or by carbonate groups after the reaction, Le. 
with no further modification. They have good solubility in various solvents, e.g. in water, 
alcohols,: such as methanol ethanoL butanes!, aicohoi/water mixtures, acetone, 
20 2-butanone, ethyl acetate, butyl acetate, meihoxy propyl acetate, meihoxyethy] a.oetate, 
tetrahydrofurah, dlrnethylformamlde, dlmethyiacetamlde, . N-rnethy Ipyrrolldo ne t ethylene 
carbonate, or propylene carbonate. 

For the purposes of this invention, a highly, functional polycarbonate Is a. product which, 
25 besides the carbonate groups which form the polymer skeleton, further has at least 
three, preferably at least six, more preferably at. least ten, terminal or pendant 
functional ..groups. The functional groups are carbonate groups and/or OH groups. 
There Is In 'principle no upper restriction on the number of the terminal or pendant 
functional groups, but products having a very high number of functional groups can 
30 have undesired properties, such as high viscosity or poor solubility, The highly 

functional polycarbonates of the present Invention mostly have not more than 500 
terminal or pendant functional groups, preferably not more than 100 terminal or 
pendent functional groups. 

35 When preparing the highly functiona! polycarbonates 81), It is necessary to adjust the 
ratio of the compounds containing QH groups to phosgen or carbonate in such a way 
that the simplest resultant condensate (herei natter termed condensate (K)> has an 
average of either one carbonate group or carbamoyl group and more than one OH 
group or one OH group and more than one carbonate group or carbamoyl group. The 

40 simplest structure of the condensate (K) made from a carbonate (A) and a di- or 

polyalcohoi £8} here results in the arrangement X¥ n or Y n X, where X is a carbonate 
group, Y is a hydroxy group, and n is generally a number from 1 to 8,: preferably from 1 
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to 4, particularly preferably from 1 to 3. The reactive group which Is the resultant single 
group here fs generally termed "focal group" below. 

By way of example, if during the preparation of the simplest condensate (K) from a 
5 carbonate and a dihydrie alcohol the reaction ratio is 1:1 , the average result is a 
molecule of XY type, illustrated by the general formula 1 . 

O 

? - BOH R £ 

K^K^K * HO — R- — OH ** O" — R~-OH 1 


20 


10 Duong the preparation of the condensate (K) from a carbonate and a t hhydnc aicohol 
with a reaction ratio of 1:1 3 the average result is a molecule of XY 2 type, illustrated by 
the genera? formula 2. A carbonate group is focal group here. 

O OH ft OH 

Tf / - RON R x ji / 

R^.A^R * RQ~~R 5 ^ CT -O— 2 

0 0 \ 

OH OH 

15 

During the preparation of the condensate (K) from a carbonate: and. a tetrahydnc 
alcohol, likewise with the reaction ratio 1:1 ? the average result is a molecyte of XY 3 
type, illustrated by the general formula 3, A carbonate group is focal group here, 

O HO OH pnu § pH 

|| \ / - Run R N il / 

R R . + - ^ * O"""0— R^OH 3 

0 O / \ \ 

HO OH OH 

R in the formulae 1-3 has the definition given at the outset, and W is an aliphatic or 
aromatic radical 

25. The condensates (K) may, by way of example, also be prepared from a carbonate and 
a tfihydrie alcohol, as JNustraied by the genera! formula 4, the molar reaction ratio being 
2:1, Here, the average result is a molecule of X 2 Y type, an OH group being focal group 
here. In ..formula 4, R and R r are as defined in formulae 1-3, 
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P H 2 RON P~\ 


O 


^-^a^ * H0*-# HO — R 

O O \ \ ,0 


OH 


o 


0-R 


If Afunctional compounds, e.g. a dfcarbonaie or a diol, are also added to tha 
components, this extends the chains, as illustrated by way of example in the general 
5 formula S. The average result is again a molecule of XY £ type, a carbonate group being 
focal group. 


OH 

HO— B' O 


3 ROH iL 

Q — R~~OH 


0 P 


2 B^^V^R 4 

G Q R 


10 In. formula 6, R*j$ an organic, preferably aliphatic radical, and R and R 1 are as defined 
above, 

if is also possible to use two or more condensation products (K) for the synthesis, in 
this case ft Is possible on the one hand to use two or more alcohols and/or two or more 

15 carbonates, Furthermorey through the choice of the ratio of the alcohols and the 

carbonates used, or of the phosgenes used, it is possible to obtain mixtures of different 
condensates : dlffenhg. in ' structure. This may.be Illustrated . by way of example using as 
an example the reaction of a carbonate; with a tnhydrio alcohol. "If 'the starting products 
are used in a 1:1 ratio, as depleted in. 00, then a molecule XY 2 is obtained. If the 

20 starting products are used in a 2:1 ratio, as depicted In (IV), then a molecule X S Y is 
obtained. In the case of a ratio between 1:1 and 2:1 a mixture of moleouies XY 2 and 
Is obtained. 

According to the invention, the simple condensates (K) described by way of example in 
25 the formulae 1-5 preferentially react intermolecularly to form highly functional 

poiy condensates, hereinafter termed poSyoondensates (P). The reaction to give the 
condensate (K) and to give the poiycondensate (P) usually takes place at a 
temperature of from: 0 to 250*Q:i preferably from 60 to TSCTC, in bulk or in. solution. Use 
may generally be made here of any of the solvents which are inert with respect to the 
30 respective starting matenais. Preference m given to use of organic solvents, e.g. 


PF 5532© 


IS 

decane, 4miecmB ) bemMne i toluene., chiorohenzene, xylene, dlmeihyiforni amide, 
dimethylacataniicie, or solvent naphtha. 

in one preferred embodiment, the condensation reaction is earned out in bulk. The 
5 phenol or the monohyrio alcohol liberated during the reaction can be removed by 

distillation from the reaction equilibrium to accelerate the reaction, where appropriate at 
reduced pressure. 

^ removal by distillation Is Intended, it is : generally advisable to use those carbonates 
10 which liberate alcohols ROM with a boiling point below 140°C during the reaction:. 

Catalysts or catalyst mixtures may also be added to accelerate the reaction Suitable 
catalysts are compounds which catalyze esterification or transesteriffcafion reactions, 
eg, alkali metal hydroxides, alkali metal carbonates, afkalr metal hydrogencarfeonates, 
1 5 preferably: of sodium , or potassium > or of cess urn , tertl ary a mines ; g uamdlnes, 
ammonium compounds, phosphonium compounds, organoa]uminum : organotin; 
organozlnc, orsanotSan?um : o^ano^irconium, or organoblsmuth compounds, or else 
what are known as double metal cyanide (OMC) catalysis, e.g. as described In 
PE 10138218 or DE 1 0147712. 

20 

It Is preferable to use potassium hydroxide, potassium carbonate, potassium 
hydrogencarbonate, dfazabicyefooctane (DABC0), dlazahlcyelononene (DSN), 
dlazabicyeloundecene (DSU) ? imidazoles, such as imidazole, i-raaihylimidazoie, or 
1 ,2-dlmethyHrnidazo^e, titanium tetrabutoxide, titanium tetr&Isopropoxids, dibutylf in 
25 oxide, dibutyltin d^auraie, stannous dloctoate, zirconium acetyfacetonata, or mixtures 
thereof. 

The amount of catalyst generaNy added Is from 50 to 10 000 ppro by weight, preferably 
from 100 to 5000 ppm by weight, based on the ambunt of the alcohol mi^clure or alcohol 
30 used 

It Is also possible to confrolib&M^ reaction via addition of 

the suitable catalyst or else via selection of a suitable temperature. The average 
molecular weight of the polymer (P) may moreover be adjusted by way of the 
35 composition of the starting components and by way of the residence time. 

The condensates (K) and the poiycondensates (P) prepared atan^etiieKfaled 
temperature are usually stable at room temperature for a relatively long period. 

40 In the Ideal case, the nature of me condensates (K) permits poiycondensates (P) with, 
different structures to result. from the condensation reaction, these having branching 
but no crossHnklng. Furthermore, the poiycondensates (P) have either one carbonate 
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group as focal group and more than two QH groups or else one OH group as focal 
group and more than two carbonate groups. The number of the reactive groups here Is 
the result of the nature of the condensates (K) used and the degree of 
poiycondensation . 

By way of example, a condensate (K) according to the genera! formula 2 can react via 
triple Intermoiecular condensation to give two different poiycondensaies (P), 
represented in the general formulae 8 and 7. 


O 


P 


9 


3 G 


OH 


2 ROH 


-ft 5 


R 


O" 


"Q> — R 


\ 


OH 


O"" 


v O R' 


OH 


v 


N 0H 
6 


OH 


10 


0 

/ 


H 


R . j] /"' -2 ROH R " ° OH 


3 0" ~0- — R' v O-" — R* 


// OH 
0 


In formula 6 -and 7, R and R 1 am as defined above. 


There are various ways of tarmbating the intermoiecuiar poiycohdehsatioh reaction. By 
1 5 way of example, the temperature may he lowered to a ra nge where the reaction stops 
and the product (K) or the polycohdensate (P) is storage-stable. 

it is also posslbla to deactivate, the. catalyst, by adding Lewis acids or pmim adds, for 
example, in the case of basic catalysts. 

20 

In another embodiment, as soon as the intermoiecuiar reaction of the condensate (l<) 
has produced a pofycondensate (P) with the desired degree of polycondehsation, a 
product having, groups reactive toward the focal group of IP) may be added to the 
product (P) to terminate the reaction. For example, in the case of a carbonate group as 
25 focal group, by way of example, a mono-, dk or poiyamine may be added. In the case 
of a hydroxy group as focai group, by way of exampie;, a mono-, dh or poiyisocyanate : 
or a compound containing epoxy groups, or an acid derivative which reacts with QH 
groups, can be added. to the product (P). 
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The Inventive highly functional polycarbonates are mostly prepared In the pressure 
range from 0/1 mbar to 20 bar ? preferably at from 1 mbar to 5 bar, in reactors or 
reaction cascades which are operated batchwise, semlcontJnuousiy, or continuously, 

5 The inventive products can be further processed Without further purification after their 
preparation by virtue of the aboveme?itioned adjustment of the reaction conditions and, 
where appropriate, by virtue of the selection of the suitable solvent. 

In a further preferred embodiment the product is stripped: Le. : freed from volatile 
10 compounds of low molecular mass. For this: purpose, after the desired conversion has 
been rmmed : the catalyst can be optionaiiy deactivated and the volatile constituents of 
low molecular mass, e.g. monoaieohols, phenols, carbonates, hydrogen chloride or 
volatile oBgomeric or eyofe .compounds,, can be removed by distillation, i? appropriate 
with introduction of a gas ; preferably nitrogen, carbon dioxide or air, and if appropriate 
1 5 under reduced pressure . 

In another preferred embodiment, the inventive polycarbonates may contain other 
functional groups besides the functional groups present at this stage by virtue of the 
rea^ion/Thfe.functionalization may take place during the process to increase 
20 molecular weight, or else subsequently, i.e. after completion of the actual 
pofycondensatton, 

if, prior to ordunhg the process to increase rnofeoular weight components are added 
which have other functional groups or functional elements besides hydroxy or 
25 carbonate groups, the result Is a polycarbonate polymer with randomly distributed 
functionalities other than the carbonate or hydroxy groups. 

Effects of this type may, by way of example, he achieved via addition, during the 
polycondensaiion, of compounds which bear other functional groups or functional 

30 elements, such as mermpio groups, primary, secondary or tertiary amino groups, ether 
groups, derivatives of carboxylic adds, derivatives of sulfonic acids, derivatives of 
phosphomc acids, siiane groups, sHcxane groups, aryf radicals; or Jong -chain alky! 
radicals, besides hydroxy groups, carbonate groups or carbamoyl groups. Examples of 
compounds which may be used for modification by means of carbamate groups are 

35 eihanolarmne, propanoiamine, teopropanoiamfne,.^ 

aminoJethanoL 2-amino-1-hutanoL 2 <2 -aminoefho or higher alkoxyiation 

products of ammonia, 4~hydroxypipehdine ? 1 -hydroxyethyiprperazine, diethanolamfne, 
dipropanoiamine, diisopropanolamlne, tris(hydroxymethyi)aminomethane 2 trisChydroxy- 
6thyl)aminomethane v ethylenediamine, propylenediamirm hex 

40 Isophoronedlamine, 
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An example of a compound which may he used for modification with mercapto groups 
is mercaptoethanoL By way of example, tertiary amino groups can be produced via 
incorporation of N~methyf dietha noiams ne : N-methyldlpropariolamiae or 
M , N~d!m ethy lathanolam ine . By way of exam pie. ether g toy ps may be gene rated via 
5 co-condensation ofdi« or higher-functionaifty poiyetherois. Long-chain alky! radicals 
can be introduced via reaction with long-chain aikanedioSs, and reaction with aikyl or 
aryS dysocyanates generates polycarbonates having aikyi, aryL and urethane groups or 
urea groups. 

1-0 By adding dicarboxyiic acids, tricarboxylic; adds, e.g. dimethyl terephthaiate, or 
tricarboxylic esters His possible to generate ester groups. 

Subsequent fun ctionaBzafion can foe achieved by using an addition ai step of the pro- 
cess (step c}} to react the resultant highly functional highly branched, or highly 
15 functional hyperbranched polycarbonate with a suitable functionaiizing reagent which 
can react with the OH and/or carbonate groups or carbamoyl groups of the 
polycarbonate. 

By way of example, highly functional highly branched, or highly functional 
20 hyperbranched polycarbonates containing hydroxy groups can be modified via addition 
of molecules containing add groups or containing isocyanate groups. By way of 
example, polycarbonates containing acid groups can be obtained via reaction with 
compounds .containing anhydride groups. 

25 Highly functional polycarbonates containing hydroxy groups may moreover also be 
converted into, highly functional polycarbonate poiyelher polyofs via paction, with, 
alkylene oxides, e.g. ethylene oxide, propylene oxide, or butyiene oxide, 

A great advantage of. the process is its cost-effeotivenessv Both the reaction to give a 
3D condensate (K) or poiy condensate (P) and also the reaction of (K) or CP) to give 

•polycarbonates with other functional groups or elements can take place in one reactor, 
this being advantageous technically and in terms of cast-sffecOveness. 

The inventive molding compositions may compose, as component G), ftom.O to 80% by 
35 weight In particular up to §0% by weight, of other additives and processing aids, other 
than 8)y 

The inventive molding compositions may comprise^ as component C), from 0 to 5% by 
weight, preferably from 0.05 to 3% by weight, and in particular from. O^ 1 to 2% by 
40 weight, of at feast one ester or amide of saturated or unsaturated aliphatic carboxylfc 
acids having from 10 to 40 carbon atoms, preferably from 16 to 22 carbon atoms, with 
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aliphatic saturated alcohols or amines having from 2 to 40 carbon atoms, preferably 
f rom 2 to 8 carbon at onis 

The carboxylsc adds may be monobasic or dibasic. Examples which may be mentioned 
5 are peiargomc acid, palmitic acid, iaurio acid, margarfc acid, dodecanediofe aeid> 
behenic acid, and particulariy preferably stearic acid : caprie acid, and afso monfaoic 
acid (a mixture of fatty acids having from 30 to 40 carbon atoms). 

The aliphatic alcohols may be mono- to tetrahydrio Examples of alcohols aro 
10 n-butanoi, n-ocianoi steary! aicohoi ethylene glycol propylene glycol, neopentyl 
glycol pentaer^hritol, preference being given to glycerol and pontaerythritoL 

The aliphatic amines may be -mono*, di~ oririamlnes. Examples of these are 
stearyiamtoe, : Bihyfenadia.mine,: propytenedianwe. hexamethylenediamrne, 
15 dife-aminqhexyilamine, particuiar preference being given to ethylenediamine and 
hexamethyfenediarnme. Correspondingly / pref erred esters or amides are glycerol 
distea rate, glycerol iristaar ate f ethy f enediamine aistearate, g fycerol: monop&im itaf e 
glyceryl trilaurate, giycerys monobehenate, and pentaerythrityf tetrasiearate. 

20 It Is also possible. to use mixtures of various esters or amides, or esters with amides 
combined, the mixing ratio here being as desired. 

Examples of amounts of other usual additives C) are up to 40% by weight, preferably, 
•up to 3Q% by weight, of elastomeric polymers (also often termed impact modifiers, 
35 elastomers, or rubbers). 

These are very generally copolymers which have preferably been built up ; from at feast 
two of the following monomers: ethylene, propylene, butadiene, feobuiene, Isoprene, 
chforoprene, vinyl acetate, styrene, aery \o nitrite and aery fates and/or methacrylates 
30 having from 1 to 1 8 carbon atoms in the alcohol component 

Polymers of this type a re described, for example, In Hou ben-Weyf , Meth oden der 
organlschen Gtiemie, Vol 14/1 {Georg-Thieme-Verteg, Stuttgart, Germany, 1961}, 
pages 392-406, mod m the monograph by OB, BucknaH, Toughened Plastics" (Applied 
35 Science Publishers. London, 19775, 

Some pref erred types of such elastomers are described below. 

Preferred types of such elastomers are those known as ethyiene-propyfene (EPy) and 
40 ethy f en e-propy lenB-d iene ( E RDM) rub bars. 
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EPy rubbers generally have practical^ no residual double bonds, whereas El 
rubbers may have from 1 to 20 double bonds per 100 carbon atoms. 

Examples which may be mentioned of dmm monomers for EFDM rubbers are 
5 conjugated dlanes, such as ssoprene and butadiene, non-conjugated dienes having, 
from 5 to 25 carbon atoms, such as 1 r 4>p^htadiene : 1 ,4-hexadfena, 1,5-hexadfene, 
2 r 5-dtniethy!~1 ,5-hexadiene and 1 : ,4-octadiene, cyclic djenes* such as cyc!openiadSene : 
•cyclohexadienes, cyclooctadienes and dicydopentadJene, and also 
afkenylnorbornenes, such as 5-ethy1idene-2-norbome 
1 0 2~met haiiy^S-norbornene and 2-isapr openy !~5-nof born ane t and ihcy dodia nes , such as 
3-.m:eihy^^^ and mixtures of these. Preference fs given to 

1,5-hexadiene, S-ethy^denanorbornene and dlcycfopentadlene. The d*ene content of 
the EFOy rubbers ?s preferabSy from 0.5 to 50% by weight, in particular from 1 to 3% 
by weight, based on the total weight of the rubber 

15 

Spy and EPOM rubbers may preferably also have been grafted with reactive 
carboxyllo adds or with derivatives of these. Examples of these are acrylic acid, 
methaoryyc acid and derivatives thereof, eg giyddyi (meth)acrylate f and also male id 
anhydride, 

20 

Copolymers of ethylene with acry&c add and/or methacrylic acid and/or with the asters 
of these acids am another group of preferred rubbers. The rubbers may also Include 
dscarboxylio acids, such as mafsie add and fumaric acid> or derivatives of these acids, 
e.g. esters and anhydrides, and/or monomers containing epoxy groups. These 
25 monomers containing drcarboxyflc acid derivatives or containing apoxy groups are 
preferably incorporated into the rubber by adding to the monomer mixture monomers 
containing dioarboxyllc acid groups and/or epoxy groups and having the -formula I, ii 01 
or IV 

30 R'C{COOR 2 ]^C(COOR 3 )R 4 {1} 

r\ r 4 

C^ ZT C 
i I 

co^ ,co 


gh« ? ^ch — (PH 2 ) m ,- a — - (g;hr% — ch — C h# m 


CH^Cff COO ™ CH%— CH^CHR* (!V) 
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where R 1 to R 9 are hydrogen or aikyi having from 1 to § carbon atoms, and m m a 
whole number from. 0 to 20, g is a whote number from 0 to 10 and p is a whole number 
from Q to 5. 

5 

R 1 to am preferably hydrogen : where m is 0 or 1 and g is 1. The corresponding 
compounds are maleiaacld, tumeric acid , matelc anhydride, aliyl glyddyl ether and 
vih$ giycidyl ether, 

1 0 Preferred compounds of the formulae I,. H and IV are malelc acid, maMc anhydride, and 
(meth}aor^lates containing epexy groups, such as gSyddyl aery late and glycidyS 
methaery late, and the esters with tertiary alcohols, such as tert-butyl aaryfate. Although 
the latter have no free carboxy groups, their behavior approximates to that of the free 
aads and they are therefore termed monomers with latent carboxy groups 

15 

The copolymers are advantageously composed of from 50 to 98% fey weight of 
ethylene, from 0,1 to 20% by weight of monomers containing epoxy groups and/or 
mathacryile acid and/or monomers containing anhydride groups the remaining amount 
being (meth)acrylates. 

20 

Particular preference is given to copolymers composed of 

from 50 to 98% by weight, in particular from 55 to 95% by Weight, of ethylene, 

25 from 0,1 to 40% by weight, in particular from 0.3 to 20% by weight, of gfycldyl 

acrylale and/or glycidyl meihacryiate, (meth)acry^c acid 
and/or mateic anhydride, and 

from i to 45% by weight, in partioular from 10 to 40% by weight, of n~butyf acrylate 
30 and/or 2-ethyfbexy* acrylate. 

Other preferred (met h) aery fates are the methyl ethyl, propyl, isahuiyi and iert-buty! 
esters, 

35 Besides these, comonomers which may be used are vinyi esters and vinyl ethers, 

The ethylene copolymers described above may be prepared by processes known per 
se, preferably by random copolymerlzation at high pressure and elevated temperature. 
Appropriate processes are wal i known , 

40 

:Gther preferred elastomers .are emulsion polymers whose preparation is described, for 
example, by BfacRIey m the monograph "Emulsion polymerization-. The emuismers and 
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catalysts which may be used are known per se. 

In principle it Is possible to use homogeneously structured elastomers or those with a 
sheli structure. The shelRype structure 1 is detenu ined. by the. sequence of addition of 
5 t ha individual monomers. . The morphology of the : polymers Is also affected by this 
sequence of addition. 

Monomers which may be mentioned here, merely as. examples:,. "for the preparation of 
the rahber fraction of the elastomers are acryiates, such as n-butyl aeryiate and 2- 
10 ethyl hexyl acrylate, corresponding methacrylates, butadiene and isoprene, and also 

mixtures of these. These monomers may be go polymerized with other monomers, such 
as styrene< aayioriitnle, viiiyl eihers and with other acryiates or methacrylaies, such as 
methyl methacrylate, methyl .acrylate : ethyl acrylate or propyl adyiate. 

1 5 The soft or rubber phase (with a glass transition temperature, of below 0°C) of the 

elastomers may be the core, the outer envelope or an intermediate shell (In the case of 
elastomers whose structure has more than two shells). Elastomers having more than 
one shell may also have more than one shell made from a rubber phase. 

20 If one or more ham components (with glass transition temperatures above 20 C C) are 
in vofvedV besides the rubber phase, In the structure of the elastomer, these are 
generally prepared, by polymerizing,, as principal monomers, styrene, acrylonitrlle, 
methacrylonitrile, a-mefhylstyrene, p-methylstyrene, or acryiates or mefhacrytates, 
such as methyl acrylate, ethyl acrylate or methyl methacrylats. Besides these, il ls also 

25 possible to use relatively small proportions of other comonomers, 

It has proven advantageous in some cases to use emulsion polymers which have 
reactive groups at their surfaces. Examples of groups of this type are epoxy : oarboxy, 
latent oarboxy, amino and amide groups, and also functional groups which may be 
30 Introduced by concomitant use of monomers of the formula 

CH 5 .==; C -X — N C.—tC i: 

ii 

o 

where: 

35 R?° \s hydrogen or C r C^aikyL 

R 1 ' Is hydrogen or C^Cs-alkyl or aryL In particular phenyl. 
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is hydrogen, Ci-C-^alkyi C r C T2 ~aryi or «©R m 

is C ? »ds-alkyi or. Ge-Ci 5r a:ryi If desired with substitution by O- or N-contasnJng 
groups, 

is a chemical bond or Gi-C^aikyiene.or Cr^raryiene, or 

O 

- e — V 

is OZ or NH-Z S and 

is Ct-Gi^alkyiene or <VG i r arytene. 

15 The graft monomers described |n EP-A 208' 1 87 are also sultabfe for introducing 
reactive groups at the surface. 

Other examples which may be mentioned are a cryiarojde, methacrylamide and 
substituted acrylates or methacryiates, such as (N-teri-butyiamino)elhy! niathacryfate, 
20 (N ; N-dimathyiamino)ethyl acryiate, (N r N"dimethylamino}methyf acrylate and 
(N>N-diefl1yla.mlrto}eihyl^ 

The particles of the rubber phase may also have been crossfinked Examples of 
orossKhkfhg monomers are 1,3-butadaene, divinyfbenzene, diaJIyi phthalate and 
25 d.ihydfodicyc!opentadieh;y! acrylate, and also the compounds described in EP-A 50 265. 

It is ateo possible to use the monomers known as graft-finking monomers, le, 
monomers having two or more pofyroenzable double bonds which react at different 
rates during the polymerization. Preference is given to the use of com pounds of this' 

30 type In which at least one reactive group polymerizes at about the same rate as the 
other monomers, while the other reactive group (or reactive groups), for example, 
polymerize(s} significantly more slowly. The different polymerization rates give rise to a 
certain proportion . of unsaturated double bonds in the rubber Jf another phase is then 
grafted onto a rubber of this type, at least some of the double bonds present in the 

35 rubber react with the graft m onomers to form chemical bonds, i.e. the phase grafted on 
has at least some degree of chemical bonding to the graft base. 

Examples of graff-Nnkbg monomers of this type are monomers containing allyl groups, 
in partioular allyl esters of eihyienlcally unsaturated oarboxyilc acids, for example ally! 
40 acrylaie, allyl methacrylate, diaiiyS raafeate, diaiiyf f umaraie and diaOyl itaoonate r and 
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the corresponding mono&lfyl compounds of these dlcarboxy lie acids. Besides these 
there Is a wide variety of other suliabie graft-flnking monomers. For further details 
reference may be made here, for example, to U$~A 4 148 846. 

5 The proportion of these crossllnklng monomers in the i m pact-m od ifying poiy met is 
generally up to 3% by weight, preferably not more than 3% by weight, based on the 
impact-modjfying polymer. 

Some preferred em ulsson polymers are listed below. Mention may first be made here of 
10 graft polymers with, a core and with at least one outer shelf, and having the f plowing 
structure: 


iType 

Monomers for the core 

Monomers lor the envelope 

i 

feuia~1 t 3~diene E Isoprene, n-butyl 
aorylate, ethyihexyi acryfate, or a 
mixture of these 

sf yrene , aery 1® nltrile v . m ethyl I 
meihacrylate ] 

: 

! 


as J, but with concomitant use of 
eross^nklng agents 

as i | 

m 

as 1 or !i 

* i 

n -butyl acrylaie, ethyl aorylate, j 

methyl aorylate,.. buta- 1 f 3-diene , 

Isoprene, ethylhexyl aorylate 

IV 

as -J. or H 

as I or Hi but with concomitant use 
of monomers having reactive 
groups, as described herein 

V 

styrene, acrylonitriie, methyl 
methacryiate, or a mixture of these 

first envelope made of monomers 
as., described under ! and 11 for the 
core, second envelope as 
described under 1 or IV for the 
envelope 


These graft polymers, in particular ABS polymers and/or ASA polymers, are preferably 
1 6 used in amounts of up to 40% by weight for the impact-modification of PST, if 

appropriate in a mixture with up to 40% by weight of polyethylene terephthaiate. Blend 
products of this type are obtainable with the trademark U!tradur®S (previously 
UStrab!end®S from BASF ACS). 

20 Instead of graft polymers whose structure has more than one shelf, $ Is also possibte to 
use homogeneous, te. sSngle-sheli, elastomers made from i; :> 3-butadiene s Isoprene and 
n-buiyl aorylate or from copolymers of these. These products, too , may be prepared by 
ooncom&ani use of crosslirtking. monomers or of monomers having reactive groups. 

25 Exam pies of preferred emulsion polymers are n-butyi aery I ate^ met h) aery Is o acid 

copolymers, n-butyl. aorylate-glyddy! aorylate or n-butyl aery iate-giycidyl methacry late 
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copolymers, graft polymers with an inner core; made from n-buty! acrylate or based on 
butadiene and with an outer envelope made from the ahovementioned copolymers, 
and copolymers of ethylene with -comonomers which --supply reactive groups, 

5 The elastomers described may also be prepared by other conventional processes, e.g. 
by suspension polymerization. 

Preference Is also given to silicone rubbers, as described In DB~A 37 25 578, 
EP-ft 235 890, DE-A 38 00 603 and EP-A 319 290. 

10 

It Is, of course, also possible to use mixtures of the types of rubber listed above. 

Fibrous or particulate fillers D) which may be mentioned are carbon fibers, glass fibers, 
glass beads, amorphous silica, asbestos, calcium silicate, calcium metasiMcate, 
I S magnesium carbonate; kaolin, chalk, powdered quartz, mica, barium sulfate and 

feldspar, used in amounts of up to 50% by weight, particular up to 40% by weight 

Preferred fibrous fillers which may be mentioned are carbon fibers, aramid fibers: and 
potassium titanate fibers, and particular preference Is given to glass f ibers In the form 
20 of B glass. These may be used as rovlngs or In the corn merciaiiy available forms of 
chopped glass. 

The fibrous fillers may have been surf ace-pretreated with a si iane compound to 
improve compatibility with the thermoplastic. 

25 

Suitable sua ne compounds have the formuia: 

(X— (C H 2}ix}iC~ Si— (O— CrrtH^rn- i 

30 where: 

Q 

n Is a whole number from .2 to 1 0, preferably 3 to 4, 
m is. a whole number from 1 to 5 ; preferably 1 to 2, and 
k is a whote number from 1 to 3 5 preferably 1, 

35 

Preferred s^lane compounds are amfnopropyStrimethoxysifape, 

amlbobuiyftrimethoxysil^ne, aminopropyltnethoxysi'iane. and aminobutyltnethoxysllane, 
and also the corresponding silanes which contain a glycfdyi group as substituen! X. 
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The amounts of the sHane compounds generally used for surface-coating are tern 0. 05 
to 5% by weight, preferably from 0,5 to 1.6% by weight and In particular from 0.8 to 1% 
by weight (based on C). 

Aotcufar mineral fillers are also suitable. 

For the purposes of the Invention, acicular mineral fillers are mineral fillers with strong iy 
developed aeicular character; An example is aeicuiar woiiastonite. The mineral 
preferably has an UD pength to diameter) ratio of from 8:1 to 35:1, preferably from 8:1 
to 1 1:1 , The mineral filter may, if desired, have been pretreaied with the 
abovemeniioned sif ane compounds, but the pretreatment Is not essential. 

Other fillers which may be mentioned are kaolin, calcined kaolin, woilastonits, talc and 
chalk. 

As component C), the thermoplastic molding compositions of the Invention may 
com prise the usual processing aids, such as stabilizers, oxidation refarders, agents to 
counteract decomposition due to heat and decomposition due to ultraviolet Bghi 
lofericants and. mofd-retease agents, oof oranls, such as dyes and pigments, nucleating 
agents, piastlcizersv etc. 

Examples which may be mentioned of oxidation retarders and heat siabii&ers are 
sterfc&My hindered phenols and/or phosphites, hydroquinonas, aromatic secondary 
amines,. such as di phenyl amines, various substituted members of these groups, and 
•mixtures- of ..these, in concentrations of: up to 1% by weight, based on the weight of the 
thermoplastic molding compositions. 

U V stabilizers which may tee mentioned, and are generaf iy used in amounts of up to 
2% by weight, based on the molding composition, are various substituted -resorcsriofs, 
salicylates, benzotriazoies, and benzophenones. 

Colorants which may b&.a&tied ate Inorganic pigments, such as titanium dioxide, 
ultramarine blue, iron oxide, and carbon black, and also organic pigments, such as 
pMhaiocya nines, quinacridones and peryienes, and also dyes, such as nigrosine and 
anthraqumones, 

Nucleating agents which may be used are sodium phenyiphosphinate, aiumina : silica* 
and preferably talc. 

©irser lubricants- and mold-release agents . are usually used in amounts of up to 1% by 
weight. Preference is given to long-chain fatty acids (e g. stearic acid or behenic add), 
salts of these (e g calcium stearaie or zmc stearate) or rnontan waxes (mixtures of 


PF 55320 


27 

straight-chain saturated carboxyiic acids having chain iengths of from 28 to 32 carbon 
atoms), or calcium monfanate or sodium montaoate; or low-moiecular-welgHt 
polyethylene waxes or iow-rnolscu lar-weigbt polypropylene waxes, 

§ Examples of pfastfeizers Which may be mentioned are diqeiyS phtftaiates, tflbensjyl 
phthalates, butyl '"benzyl phthalates, hydrocarbon oils and N-Cn-bytyi Jbeozene- 
sulfonamide. 

The . invent! V0 molding compositions may also comprise from 0 to 2% by weight of 
10 fluorine-containing ethylene polymers. These are polymers of ethylene with a fluorine 
content of from 55 to 76% by weight, preferably from 70 to 76% by weight. 

Examples of these are polytetrafiuoroethytene (PTFE), tetrafiuoroeihylene- 
hex^fluoro propylene copolymers and tetrafiuoroetliylene copolymers with relatively 
I S small proportions (generally up to 50% by weight) of copolymenzabie ethylenically 
unsaturated monomers. These are described, for example, by Schildknecht in "Vinyl 
and Related Polymers" Wltey-Verlag, 1952, pages 484-494 and by Wall in 
"Fluprppolymers" (Wjfey lntersdeo.ee, 1972). 

20 These floonhe-oontalnlng ethylene polymers have homogeneous distribution in the 
molding com positions and preferably have a particie size d 5 o (numeric median) In the 
range from 0.05 to 10 in particular from 0,1 to 5,um:. These small particle -sizes- 
may partieulariy preferably be achieved by the use of aqueous dispersions of fluorine- 
containing ethylene polymers and the incorporation of these into a polyester melt. 

25 

The Inventive thermoplastic molding compositions may be prepared by methods known 
per se ? by mixing the starting components in conventional mixing apparatus; such as 
screw extruders, Brabender mixers or Banbury mixers, and then extruding them The 
extrudate may be cooled and comminuted. It is also possible to preroix individual 
30 components and then to add the remaining starting materials Individually mdior 
likewise in a mixture The mixing temperatures are generally from 230 to 290X1 

in another preferred method of operation, components B) aod : If appropriate, 0} may 
be mixed with a polyester prepolymer, compounded, and pe!letked> The resultant 
35 pel! els are then soiM-phase-con densed , cent mu ous ly or batchwlse,. under an mart gas, 
at a temperature below the melting point of component A) until the desired viscosity 
has been reached.. 

The inventive thermoplastic molding compositions feature good fsowabiilty together with 
40 good mechanical properties. 
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In particular, the processing of the molding compositions (without dumping or caking) 
is problem-free and possible within short eycie tiroes ami thereto® suiiabfa In particular 
for thin-walled components (nanomoldings). 

5 These materials are Suitable for the production of fibers, films, and moldings of any 
type, In particular for applications as plugs, switches, housing parts, housing covers, 
headlamp bezels, shower head, smoothing Irons, rotary switches, stove controls, fryer 
fids, doorhandles, rear mirror housings, tailgate screen wipers,, sheathing for optical 
conductors (extrusion). 

10 

Examples 

Component A/1 : Polybutylene terephthafaie with a viscosity number VN of 130 m% 
and carboxy end group content of 34 mvai/kg (Ultradur^ S 452Q from BASF ACS) (VN 
IS measured in 0.5% strength by weight solution in phenol/o-dichlorobenzene} : 1 : 1 
■mixture]!' at.25 ? C, comprising 0 65% by weight of pentaerythrityl letrastearate 
(component C.1 :! based on. 100% by weight of A), 

Component A/2: Polyethylene terephthafate PET with a -VN of 74; § rntfg. 

2D 

Component A/3: Pofytri methylene terephthalais P7T with a VN of 108 ml/g 

Component A/4: Polycarbonate based on bbphenol A and dlpheny] carbonate with a 
VN of 59 ml/g 

25 

Component A/S; PBTwith VN 130 rril/g, but without component Ci 
Component A/8 

30 PoiybMtylene ierephthalate with a viscosity number VN of 1 60 mi/g and a carboxy 

group content of 28 meq/kg (Ultradur® 8 6550 from BASF AG (VN measured in 0,5% 
strength by weight solution of phenoS/o-dichiorobenzane 1:1 mMure) at 2S*C< 

Component A/7 

35 

Polybutylene terephthaiate with a viscosity number VN of 107 mUg and a carboxy 
group content of 31 meg/kg (Ultradu^g) 8 2550 from BASF AG (VN measured m 0.5% 
strength by weight solution of phenol/o-dichSorobenzene 1:1 mixture) at 25*C. 
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Specification for preparing -polycarbonates B) 

General, operating specif icatipn:- 

S The -polyhyd.nc alcohol according to table 1 was mixed in equlmolar proportions with 
diethyl carbonate In a three-necked flask equipped with stirrer, reflux condenser; and 
internal thermometer and 250 ppm of catalyst (based on the amount of alcohol) were 
added. The mixture was then heated, with stirring, to 1G0°C f and m the case of the 
experiment indicated by * heated to 140*0, and stirred at this temperature for 2 h. As 
10 the reaction time proceeded, the temperature of the reaction mixture here reduced as 
evaporative cooling from the liberated monoaieohof began to take effect The reflux 
condenser was then replaced by a condenser, ethanoi was removed by dlsti^atlon, and 
the temperature of the reaction mixture was slowly increased to ISd^C, 

15 The eihanol removed by distillation was ; collected" in a cooied round-bottomed flask and 
weighed, and the conversion was thus determined compared as a percentage with the 
complete conversion theoretically possible (see table 1). 

The reaction products were then analyzed by gef permeation chromatography, the 
20 eiuent used being dimethyl acetamS.de, and the standard used being poly methyl 
metbaerylate (PMMA). 
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Component C/2; 
Chopped glass fibers 

Preparation of molding compositions 

5 

Components A) to G) were blended in a twin-screw extruder at from 250 to 260*C and 
extruded Into a water iDath . After palletizing and drying, test specimens were injection 
molded and tested. 

10 MVR was determined to ISO i 133, modulus of elasticity to ISO 527-2, Clwpy Impact 
strength to f&G i 79-2/1 aU. 

VN; ISO 1628 in pheBOl/o-dichlorob^n^^ne I'M, 25*C t yml&stmmtimsS® strain at break 
to ISO 527-2. 

15 

Tha inv^nt^ve o&mpOS&ions and the results of the measurements are found In the 
tables. 


Tabfe 1 


Components 
1% by weight] 

1 

2 

3 

4 

5 

8 

1C 

2C 

A/1 

97 





87 

70 

100 

A/5 


97 







A/2 



97 






A/3 


.................................... 


07 





A/4 





97 




" 8/2 

3 

3 

3 

3 

3 

3 



" m 






30 

30 


VN. 

100 

98.1 

54.3 

90.6 

4S.S 

80 

112.4 

12.0 

mm 

>250 

>250 

>250 

>250 

>2S0 ' 

34.4 

15 

54.5 

Row 'spiral 260/80 s C 
~ 2mm (mm) 

81 

81 

50 

92 

49 

65 

24 

37 


20 


PF 56328 

32 


Table 2 


i Components 

1 

2 

1C 1 

A/1 

95 

88 

100 | 

Mixture {1:1} B/2 * B/3 

5 

2 

1 

! yechanical properties 




Stress at max.: (N/mm) 

33.8 

56.2 

56.2 

Tensile strain at yield {%> 

1.8 

5.9 

II 

Modulus of elasticity: 

2532 

2403 

2488 

Impact strength - notched (kJ/nT) 

3 

3.5 

4.3 

Flow spiral 280/80*C - 2 mm (em) 

>150 

71 

35 


Tab!e3 


Components 

1C 

1 

2 

3 

4 

2C 

5 

6 

7 

m 

100 

95 

97 

99 

67 





A/6 






100 

99 

97 

67 

B/2 


5 

3 

1 

3 


1 

3 

3 

C/2 





30 




30 

MVR 

26.4 

>250 

>250 

47.6 

118 

108 

191 

>250 

: 149 

Mechanical properties 










Stress at max.: 
.(N/mm) 

56.7 

36,6 

55.9 

58.5 

133.8 

58.5 

539 

45.6 

130.6 

Tensile strain at yield 
(%) 

13.5 

1.7 

3.3 

3 8 

2.2 

5.3 

4.4 

2.1 

2.1 

Modulus of elasticity: 
(N/mm) 

2554 

2219 

2472 

2651 

9481 

2572 

2610 

2383 

9691 

Bow spiral 2S0/8G 5 C 
••2 mm (mm) 

26 

107 ' 

77 

37 

55 

46 

62 

97 

60 
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Table 4 


Components 

1 

2 

.1 

3 

4 

5 

6 

7 

8 

S 

A/1 

99 

98 

96 

99 

98 

98 

99 

98 

96 

81 

1.00 

2.00 

4,00 







87 




1.00 

2 00 

4.00 




B6 







1.00 

2.00 

4.00 

iVTv'R 

105 

"210 

>250 

117 

130 

>2S0 

144 

f >250 

>250 

Mechanical properties 
Stress at max. : 
(N/mm) 

"57.T 

58.4 

lT58 




56.7 

''S8.'2 

; 38 9 | 

Tensile strain at yield 
(%) 

3.8 

3.9 

0.5 

3.9 

Q. ^~ j 3*3 

3.8 

3.4 

2.1 

Modulus of elasticity : 
(N/mm) 

Rowsplral liO/SG^C" 
-2 mm (mm) 

2532 j 2510 
52 | 71 

...i 

2108 
128'' 

2396 
54 

2206 
70 

2020 
98 

~244'i" 
81 

"2391™ 
88" 

"20721 
'"126 

! 


Table 5 


Components 

1 j 2 

3 

4 

5 

6 

7 | 8 

9 

A/1 

99 

98 

m 

99 

98 

96 

99 

98 

96 

88 

1 

2.00 

4 








, .......................... L ., 

..................... 


1,00 

2.00 

4,00 




84 







1 

2.00 

4.00 

MVR 

78 

81 

'""T62"' 

71 

90 

157 

i * 

95 

162 

: Meeh an ica f properties 









Stress at max: (N/mm) 

54. 7 

52.5 

48.2 

53.7 

52 

-48. 4 

53.8 

51.3 

51 .6 

Tensile strain at yield 

m 

3.8 

8.9 \ 

1 1.2 

3.9 

10.5 

11.7 

8.2 

10,8 

11 

mxiim of elasticity: 
(N/mm) 

2370 

2199 

1874 

2317 

2149 ; 

1771 

2396 

2099 

2048 

Flow spiral 2S0/80°C 
-2 mm (mm) 

48 

49 

60 

44 

49 

68 

46 ; 

S3 

68 
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Patent claims 

1 . A tharmoplastic molding composition compnsing 

A) from 1 0 to 99.99% by weight of at least one the* Tnopiastlc polyester, 
8) from Q.01 to 50% by weight of a highly branched or hyperbranehed 

polycarbonate having an OH number of from 1 io 800 mg KOH/g of 

poiyoarbonate (to DSN 5324Q : Fart 2) t 
G) torn 0 to 80% by weight of other additives^ 

where the total of the percentages by weight of components A) to C) Is 100%. 

Z The tharmoplastic molding composHlon according to claim 1 In which component 
8} has a number-average molar mass M*. of from 100 to 15 000 g/moL 

3. The thermoplastic molding com pos& on according to -claim 1 or 2, in which 
component 8) has a glass transition temperatyre Tg of from «80*-Ctoi40*C. 

4 The tberniopiastfe molding composition according to claims 1 to 3, In which 
component 8} has a viscosity (mPas) at 23 f> C (to DIN 53019} of from 50 to 
200 000. 

5 The thermoplastic. molding composition according to claims 1 to 4, In which 
component 8} is obtainable via a process which encompasses at least the 
following steps: 

a) reacting at least one organic carbonate (A) of the general formula 
RO[(CO)] n OR with at least one aliphatic, . aliphatic/aromatic or aromatic- 
alcohol {8} which has at least 3 OH groups, with elimination of alcohols 
R.OH to give one or more condensates (K), whe re each R, independently 
of the others, Js a straight-chain or branched aliphatic, aromatic/aliphatic or 
aromatic hydrocarbon radical having, from 1 to 20 carbon atoms, and 
whafB the radicals R may also he connected to one another to form a hng : 
and n m an integer between 1 and 5< or 

ab) reacting phosgene, dlphosgene or triphosgene with abovementioned 
alcohol (8), with elimination of hydrogen chloride, 

and 

b) intermolecuSar reaction of the condensates (K) to give a highly functional, 

highly branched, or highly functfonai r hyperbranched polycarbonate, 
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where the quantitative pro portion of the OH groups to the carbonates in the 
reaction mixture is selected m such a way that the condensates (K) have an 
average of either one carbonate group and more than one OH. group, or one OH 
5 group and more than one carbonate group, 

6. The thermoplastic moiding composition according to daims 1. to 4, In which 

component B) is obtainable according to claim 5 : . where the reaction mixture also 
encompasses at least one aicohoi (B : ) having two OH groups, with the proviso 
1 0 that the average tola! ON functionality of all of the alcohols used m greater than 

2. 

7> The thermoplastic molding composition according to claims 1 to 4, In which 

component 8) is obtainable according to claim 5 or 8, where the resultant highly 
15 functional, highly branched, or highly function a|, hyperbranchad polycarbonate is 

reacted, m an additional step (step c))> with a suitafoie funotionaliilng reagent 
which can react with the OH and/or carbonate groups of the polycarfcon.ata. 

8. The. thermoplastic . moid ing composition according to claims 1- to 4, in which 
20 component .8} Is: obtainable according to claim 6 or 6 or 7, where tha highsy 

functional, highly branched, or highly functional, hyperbranched polycarbonate is 
modified by carrying out step h) in the presence of additional compounds which 
have not only OH groups or carbonate groups but also ether functional groups or 
functional elements, 

25 

9. The use of the thermoplastic molding compositions according to ciaims 1 to 8 for 
producing fibers, films, or moldings of any type. 

1 0. A fiber, a film, or a molding of any type obtainable from the thermoplastic molding 
30 compositions according to claims 1 to a 
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FSowable polyester molding compositions 
Abstract 

5 Thermoplastic molding oompos^ons comprising 

A) from 10 to 98.99% by weight of at least one thermoplastic polyester, 
8) from 0,01 to 50% by weight of a hyperbranched polycarbonate having an OH 
number of from 1 to 800 mg KOH/g of polycarbonate (to DIN 53240, Part 2} ? 
10 C) from 0 to 80% by weight of other additives, 


where the tqfarof the percentages fey weight of components A) to C) Is 1 80%. 


